A method that allows the quantitative assessment of ileal mucosal celi uptake and transport of bile acids in mucosal biopsy specimens has been validated. Viability of the tissue was confirmed by maintenance of normal cell morphology, wet weight, extracellular space, porosity to polyethylene glycol-900, lactate dehydrogenase release, and transmucosal potential difference. Using '4C-taurocholic acid, absorption was shown to be directional, capable of working against a concentration gradient, reduced by metabolic inhibitors, and sodium dependent. The system showed saturation kinetics with an estimated Km of 10 lmolIl. At a standard substrate concentration of 10 tmol/l ileal mucosal bile acid absorption was compared in patients with colorectal cancer (n=6), ulcerative colitis (n=10), and slow transit constipation (n=8). There was no significant difference in tissue uptake or transport between the three groups.
Our understanding of bile acid absorption has been obtained from experiments in animals, together with only a few in vivo perfusion studies in man.
I I The paucity of studies in man reflects the inaccessibility of the small bowel and the lack of a suitable technique to study intact mucosal function in the limited amount of human tissue available.
This paper describes the validation in human tissue of a technique developed in animal studies that allows a quantitative assessment of tissue uptake (movement across apical and basolateral membrane) and transport (movement across the intact mucosal sheet) of bile acids in small biopsy specimens of ileal mucosa using a miniature flux chamber. The experimental method has been developed from a technique used successfully to investigate water,3 lithium,45 and zinc6 absorption in the rodent small intestine.
Bile acid reabsorption occurs in the terminal ileum.'-' This process is thought to be active for the following reasons: it can occur against a concentration gradient and also when the electrochemical gradient is zero; absorption is blocked by metabolic inhibitors or anoxia and is dependent on the presence of sodium ions in the gut lumen; and the kinetics of absorption display saturation phenomena. Passive absorption is also present and two mechanisms for this have been proposed -ionic diffusion and non-ionic diffusion. 10-2 The relative contribution of the active and passive components is determined by the principles governing transport of weak acids and depends on intraluminal pH, the pKa of the particular bile acid, and the permeability and partition coefficients of the ionic and non-ionic species. 12 14 15 Methods All materials were of Analar or similar grade. Taurocholic acid was obtained from the Sigma Chemical Company, Poole, UK. Radioisotopically labelled bile acids were obtained from Amersham International (UK), and New England Nuclear, Du Pont (Germany).
TISSUE
The most distal portion of terminal ileum (2 cm) was obtained from 25 patients undergoing surgical resection for slow transit constipation (n=9), colorectal cancer (n=6), and ulcerative colitis (n= 10). Where possible, mesenteric blood vessels were divided immediately before resection to ensure minimal disruption of tissue perfusion and oxygenation. Transport time from theatre to the laboratory averaged less than two minutes. EXPERIMENTAL 
METHODS
Experiments were carried out using a small flux chamber described by Lauterbach,3 (Fig 1) . Unless otherwise stated, a standard Krebs buffer,'6 pH 6-0, 37°C was used as transport and incubation medium. All tests were performed over 45 minutes.
Resected ileum was placed mucosal side down on a cork mat and the overlying connective tissue and muscle layers removed by sharp dissection. The isolated mucosa was then supported on a piece of fine nylon mesh and small sections approximately 6 mm2 were cut and placed between two polyvinyl chloride membranes to occlude a prepunched circular porthole of 5 mm diameter. The assembled tissue sample was clamped between two perspex hemichambers and the whole assembly secured using a U shaped tube clamp.
Buffer (200 mm3) was simultaneously added to each hemichamber. Oxygenation and stirring were achieved by passing moistened 95% 02/5% CO2 through fine drillings in the chamber wall.
The concentrations of electrolytes and substrate were identical on each side of the mucosa at the start of each experiment. Substrate movement was measured using isotopically labelled markers.
At the end of the experiment buffer solutions were collected from each hemichamber for analysis. The exact area of tissue exposed to the buffer solutions was removed using a specially designed punch,3 weighed, and then dis- solved using the tissue solubilise (Amersham) before analysis. All isot4 counted using a Beckman LS6800 liqu lation counter.
TISSUE VIABILITY STUDIES
To show that the tissue remained physi and structurally viable in the flux cha behaved in a reproducible manner, se' were performed on each preparation.
Histology
Isolated mucosa was prepared asI (Fig 3) , or abolished after addition ofthe metabolic inhibitor dinitrophenol (Fig 4) . Similarly removal of oxygen resulted in a fall of potential difference, which recovered when the oxygen supply was replaced.
Consistency of tissue wet weight and extracellular space Both wet weight (Table IA) and extracellular space (Table IB) Effect ofinhibitors There is a significant decrease in both uptake (Fig 7, p<0001 ) and transport (Fig 8, p<0001 ) in the presence of inhibitors (Student's t test).
Bile acid secretion There is very little tissue uptake (Fig 7, p<0001) or transport (Fig 8, p<0001 The chamber is simple to use. The tissue sample is held in position by the clamping action of the two hemichambers. The small volumes of buffer used means that discrete changes in concentration can be detected with a resulting increased sensitivity. Maintenance of tissue orientation allows mucosal to serosal (M--S) and serosal to mucosal (S-M) transport to be studied simultaneously. Further, the use of site specific inhibitors such as ouabain which inhibits Na-K ATPase only at the basolateral membrane, It has been demonstrated that the isolated mucosa technique may be used to study human tissue taken at surgery. Preliminary experiments have shown that the transport of bile acid in human ileum has both active and passive mechanisms. The low Km obtained for the active mechanism is consistent with a highly efficient absorption process. 
